ABSTRACT During the study of inheritance of breast muscle morphology of turkeys during embryonic development and posthatch in two experiments, interesting results were obtained at 16 wk of age. In experiment 1, an experimental line (F) selected long term for increased 16-wk BW was crossed reciprocally with a commercial sire line (B). Samples of pectoralis major muscle were obtained from three males and three females of each genetic group. The F line was reciprocally crossed with a randombred control line (RBC2) in experiment 2, and p. major muscle samples were taken from 10 males and 10 females of each genetic group. The RBC2 line was the base population for the F line. The muscle samples were obtained in a manner to avoid contraction. After fixing, the muscle samples were stained with hematoxylin and eosin to view muscle morphology.
INTRODUCTION
Commercial turkeys are the result of a cross of a sire line (or sire line cross) and a dam line (or dam line cross). The sire lines are usually selected for increased growth rate and muscling, whereas selection within dam lines is on growth rate and reproduction traits. Breast muscle weight, as measured by breast width, is highly heritable. The unweighted average heritability of breast width in To whom correspondence should be addressed: velleman .1@osu.edu.
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well-defined extracellular matrix but muscle fiber size was not as large as that of the B line. Representative samples of the F line were characterized by a greatly reduced extracellular matrix with the muscle fibers not well defined. For the reciprocal crosses in both experiments, representative samples indicated the offspring had breast muscle morphology similar to that of the female parent, suggesting maternal inheritance. There was no sex effect on breast muscle morphology in either experiment.
In order to study the consistency of the results, muscle morphology of representative sections of muscle were subjectively rated by four individuals. The ratings ranged from 1 (little extracellar matrix and indistinct muscle fibers) to 5 (large extracellular space and distinct muscle fibers). Ratings of 2 to 4 were intermediate to these extremes. In experiment 1, ratings of the pure B line and the F sire × B dam cross were similar and higher than that of the pure F line and B sire × F dam cross, which did not differ in average rating. The results for experiment 2 were similar to those for experiment 1 in that the average ratings of the reciprocal crosses were similar to that of the female parental line. The results from the ratings support maternal inheritance of breast muscle morphology. earlier studies using selected populations was 0.30 as summarized by Nestor et al. (1967) . For breast width in a randombred population, McCartney (1961) reported a heritability of 0.42 and Nestor et al. (1967) obtained heritabilities of 0.77 (full-sib analysis) and 0.61 (mid-parent offspring regression).
Although growth and muscling have improved in commercial turkeys (Nestor et al., 1969) , meat quality has been reduced. In recent years, the turkey processing industry has experienced a meat quality problem that is similar to the pale, soft, and exudative (PSE) condition in swine (Sosnicki and Wilson, 1991) . When cooked, turkey PSE meat has a soft texture, poor meat binding, poor Abbreviation Key: B = commercial sire line; F = subline of the RBC2 line selected for increased 16-wk BW; PSE = pale, soft, and exudative; RBC2 = randombred control line. juiciness due to reduced water-holding capacity, and increased yield losses. These changes in meat quality may be associated with changes in the turkey musculoskeletal system resulting from selection for increased growth rate.
In an investigation by Wilson et al. (1990) , muscle structure and blood enzyme activity were studied to 16 wk of age in turkey lines selected for rapid growth. In all lines studied, muscle fiber damage was noted. More muscle degeneration and higher levels of plasma creatine kinase were measured in the fastest growing lines. Although the study by Wilson et al. (1990) provided interesting results on how selection for growth rate affects skeletal muscle structure, there is limited information concerning the effect of selection for increased growth rate and breast muscling on breast muscle structure in turkeys.
Breast muscle is composed of muscle fibers and extracellular spaces. Muscle myogenesis is a complex process that involves cell proliferation, migration, adhesion, and fusion to form multinucleacted myotubes and further differentiation into mature muscle fibers (Swartz et al., 1994) . The formation of muscle is, in part, controlled by the interaction of muscle fibers with their extrinsic environment, the extracellular matrix. The extracellular matrix has been shown to be essential for muscle myogenesis (Melo et al., 1996) as it is involved in the regulation of cell gene expression, proliferation, migration, adhesion, and differentiation (Yanagishita, 1993) .
There has been limited published information on the inheritance of breast muscle components (fiber and extracellular matrix characteristics). Therefore, a series of experiments were designed to study the inheritance of breast muscle components during the embryonic and posthatch periods of development. The inheritance of breast muscle components during the embryonic and posthatch period was reported by Velleman et al. (2002 Velleman et al. ( , 2003 . During the inheritance studies of turkeys, interesting findings on the inheritance of breast muscle morphology were observed at 16 wk of age. Therefore, the objective of the present study was to determine the inheritance of breast muscle morphology at 16 wk of age.
MATERIALS AND METHODS

Genetic Stocks and Matings
Experiment 1. An experimental line (F) mass selected long term for increased 16-wk BW and a commercial sire line (B) were used. Details of the maintenance of the F line and response to selection have been previously reported (Nestor, 1977a (Nestor, , 1984 Nestor et al., 1996 Nestor et al., , 2000 . The F line had been selected over 35 generations at the time of the present study. A sample of the B line from a major international turkey breeder was obtained as unpedigreed eggs. The B line was maintained two generations prior to the current study with minimal selection pressure for increased 16-wk BW and increased 16-wk breast width to try to maintain the line at current performance levels. Approximately 50% of the males with the largest 16-wk BW and breast width were selected, whereas no selection was practiced in females. Reproduction of the B line in the first generation consisted of mating nine sires to 16 dams with each sire being mated to one or two dams. In the second generation of the B line, 12 sires were mated to 24 dams with one sire being mated to two dams. During both generations, the sires used to mate the dams were rotated at each insemination to increase the genetic base.
Offspring were obtained from the B and F lines and reciprocal crosses of the B and F lines. In the reciprocal crosses, the sire will be listed first. The F line was reproduced with 20 parental pairs without rotation of males. The B line and B × F cross were reproduced by mating 10 sires to 20 dams with each sire being mated to two dams. The F × B cross was made using 20 parental pairs. For the B line and reciprocal crosses of the B and F lines, the males were rotated at each insemination to obtain as large a genetic base as possible. The same males used to produce the pure B and F lines were also used to produce the reciprocal crosses. The offspring from the pure lines and reciprocal crosses were produced in a single hatch, representing a 2-wk collection of eggs. Pectoralis major muscle samples were collected from three males and three females of each genetic group at 16 wk of age.
Experiment 2. The F line and a randombred control line (RBC2) were used. The RBC2 line, the base population of the F line, was started in 1966 from reciprocal crosses of two commercial turkey strains that were representative of commercial turkeys at the time (Nestor et al., 1969) and has been maintained by random breeding using a paired mating system (Nestor, 1977b) with 36 parental pairs. Little genetic change over generations in the RBC2 line has been expected or observed (Nestor, 1977c; Noble et al., 1995) .
Offspring from the pure F and RBC2 lines were obtained from the matings used to reproduce the lines. For the F line, 36 sires were mated to 72 dams with each sire being assigned to two dams. The RBC2 was reproduced by 36 parental pairs. Reciprocal crosses were obtained between the F and RBC2 lines. To produce the reciprocal crosses, nine dams were used from the F and RBC2 lines. Nine sires used in the reproduction of the pure lines were also used to produce the reciprocal crosses and the sires were rotated at each insemination. All offspring were from a single hatch representing a 2-wk collection of eggs. Samples of pectoralis major were obtained from 10 males and 10 females of each genetic group at 16 wk of age.
Management of Birds
The birds were grown, sexes separate, in confinement in separate houses. All birds were provided a declining protein five-ration system (Naber and Touchburn, 1970) based on the schedule for males. Continuous lighting was provided from hatching to 8 wk of age, at which time the length of the light day was reduced to 12 h and remained at this level until the end of the experiments.
Immunohistochemistry and Muscle Measurements
The birds were killed by severing the jugular vein with restraint to prevent flapping of the wings. The skin was immediately removed from the breast region and a sample of the pectoralis major muscle was removed. The sample was obtained by carefully dissecting approximately 0.5 cm of the muscle fibers following the orientation of the muscle fibers for a length of 3 cm. The ends of the muscle sample were tied to wooden applicator sticks by surgical thread prior to removal to prevent muscle contraction.
Each pectoralis major sample was placed in 10% (vol/ vol) buffered formalin fixative pH 7.0 at 4°C for at least 17 h. After fixation, the sample was dehydrated through a graded series of alcohols as previously described by Jarrold et al. (1999) , and cleared in Protocol Safe Clear 3 for 1 h with one change at 30 min, and infiltrated with paraffin at 55°C for 4 h with one change at 30 min using a Tissuematon. 4 The samples were then embedded in paraffin and the resulting paraffin blocks were cross sectioned at 5 µm and mounted on Superfrost Plus slides. 4 Prior to staining with hematoxylin and eosin, the muscle tissue sections were incubated at 55°C for 30 min and then rehydrated for 10 min in Protocol Safe Clear, 2 min in 100% ethanol, 2 min in 95% ethanol, 2 min in 70% ethanol, 2 min in 50% ethanol, and 2 min in distilled water. After rehydration, the slides were placed in Gill's #2 hematoxylin 4 for 4 min. Sections were then rinsed in gentle running tap water for 10 min and transferred to eosin Y (0.5 g eosin Y and 2.5 mL glacial acetic acid and brought to 500 mL in 70% ethanol) for 2 min. After staining, the slides were dehydrated back through the graded series of alcohol and xylene replacement Protocol Safe Clear.
The stained sections were analyzed for muscle morphology with an Olympus XI 70 microscope equipped with an Olympus Magna Fire digital camera linked to a computer with Image Pro software.
5 Each slide from each bird contained a minimum of four sections and five fields from each section were evaluated.
Representative sections were rated by four individuals based on breast muscle morphology. The ratings ranged from 1 (little extracellar matrix and indistinct muscle fibers) to 5 (large extracellular space and distinct muscle fibers). Ratings of 2 to 4 were intermediate to these extremes. Within experiments, the rating scores were analyzed by an analysis of variance with genetic group, sex, and the interaction of genetic group and sex as the sources of variation. Means were separated using Duncan's multiple range test. 
RESULTS
Distinct morphological types were observed for the RBC2, F, and B lines (Figure 1 ). Representative samples of the RBC2 line ( Figure 1A ) had a well-defined extracellular matrix (perimysial and endomysial space) but muscle fiber size was not as large as that of the B line. Representative samples of the F line ( Figure 1B) were characterized by greatly reduced extracellular matrix with the muscle fibers not well defined. Samples from the B line ( Figure  1C) were, in general, characterized by large fibers with a well-defined extracellular matrix (perimysial and endomysial spaces).
Representative muscle sections of the reciprocal crosses of the B and F lines are presented in Figure 2 . Sections from a male (Figure 2A ) and female ( Figure 2C ) at 16 wk of age for the F × B cross were characterized by large muscle fibers with a distinct extracellular matrix similar to the B maternal line ( Figure 1C) . Similarly, in the B × F cross, the sections for a representative male ( Figure 2B ) and female ( Figure 2D ) were characterized by a lack of distinct muscle fibers and greatly reduced extracellular matrix similar to the F maternal line ( Figure 1B) . Sex did not appear to influence the muscle morphology in either reciprocal cross.
A representative sample of a male ( Figure 3A ) and a female ( Figure 3C ) from the F × RBC2 cross-exhibited morphology very similar to ( Figure 1A ) the RBC2 maternal line. The muscle fibers were distinct and there was a large amount of extracellular matrix spacing. In the reciprocal cross (RBC2 × F), areas of sections from representative samples ( Figures 3B and 3D ) exhibited the muscle morphology similar to the maternal F line ( Figure  1B ). Sex did not influence muscle morphology in either reciprocal cross.
Because there was apparent variation among different birds of each genetic cross, each muscle section was independently subjectively rated by four individuals. The results of the ratings are presented in Table 1 and, in general, confirm the results obtained by visually observing characteristic samples of the genetic groups. In experiment 1, ratings of the pure B line and the F × B cross were similar and higher than that of the pure F line and the B × F cross which did not differ in average rating. In experiment 2, the ratings for the RBC2 pure line and F × RBC2 cross did not differ and were larger than those of the pure F line and the RBC2 × F cross. The pure F-line and RBC2 × F cross did not differ in average ratings. The ratings did not differ between sexes in either experiment (data not shown) and there was no interaction between sex and genetic groups within experiments.
DISCUSSION
Based on visual inspection of morphology and subjective ratings, the results of two reciprocal crosses in the present study suggest a possible maternal inheritance of breast muscle morphology of turkeys at 16 wk of age. Because the results were similar for male and female offspring, sex-linked inheritance was not involved. In experiment 1, Velleman et al. (2003) did not observe significant differences between reciprocal crosses in measures of individual muscle fibers and extracellular spacing as would be expected based on the results of the current Means within columns with no common superscript are different (P ≤ 0.05). 1 RBC2 = randombred control line started in 1966; F = subline of RBC2 selected for increased 16-wk BW; and B = commercial sire line. In the crosses, the sire is listed first. experiment. However, in the Velleman et al. (2003) study, measurements were only made in areas that allowed accurate measurements of the muscle parameters and this was very restrictive for the F-line samples.
In special backcrosses, Allen (1962) reported that the plasmon (stable properties of the cytoplasm which may be transmitted to the offspring) affected pullet mortality from zygote to 360 d after hatching, visceral lymphomatosis mortality occurring between 150 and 360 d of age, hen-day egg production, egg weight, days to first egg, blood spot scores, meat spot scores, albumen firmness, and shell color but not egg shape. Possible mechanisms of maternal inheritance include: 1) mitochondrial inheritance; 2) epigenetics or genetic imprinting; and 3) egg factors.
Mitochondrial inheritance has been shown to occur in dairy cattle (Ashley et al, 1989; Koehler et al., 1991) and mice (Jenuth et al., 1996 (Jenuth et al., , 1997 Chinnery et al., 2000) . The mechanisms involved in the regulation of mitochondrial inheritance in animals are still obscure (Moraes, 2001) . A recent review of mitochondrial inheritance was published by Birky (2001) .
Genetic imprinting has been shown to occur in angiosperms, mammals, and some protozoa (Pennisi, 2001 ). So far, more than 40 imprinted genes have been found, about half are expressed when they come from the sire and half when they come from the dam (Pennisi, 2001 ). According to the imprinting theory of Moore and Haig (1991) , this phenomenon does not occur in birds. If genetic imprinting was of importance in the inheritance of breast muscle morphology, some paternal inheritance should have been observed.
It has been well established that egg traits of turkeys influence performance post hatch. For example, egg weight has been shown to influence BW up to 24 wk of age (Scott and Phillips, 1936; Bray, 1965) . However, quite likely, differences in egg traits such as total egg weight and nutritional composition of the egg were not responsible for the results observed in the current experiment.
No matter what the cause of the maternal inheritance, if such inheritance is exhibited in future studies, the type of mating used in the production of commercial crosses would have a major impact on performance. Lines with desirable characteristics in breast muscle morphology should be used as the female parent for commercial production.
